Introduction {#sec1_1}
============

Children are defined as individuals aged 0--18 years. In pediatrics, the patient may be a premature infant weighing 500 g or a fully grown adolescent weighing as much as 100 kg. Doses for children are often derived by scaling from adult dosages after adjusting for body weight. However, it is well known that pharmacokinetic responses to a drug, such as drug absorption, distribution, metabolism, and excretion, are substantially different in children as compared with adults \[[@B1]\]. Chronic myeloid leukemia (CML) is a chronic clonal myeloproliferative neoplasm originating in a pluripotent stem cell common to all three hematopoietic lineages, characterized by overproduction of myeloid cells in all stages of maturation. It is the first malignant disease to be associated with a genetic lesion and the first leukemia to provide a genotype model conducive to targeted molecular therapy \[[@B2]\]. CML accounts for 20% of adult leukemias and its incidence is approximately 1--2 per 100,000 population per year. It is more common in men than in women, with a 2:1 ratio. Generally, older people are affected by the disease, with a median age at diagnosis of around 65 years \[[@B3]\]. Fewer than 10% of CML patients are younger than 20 years \[[@B4]\]. CML is characterized by a genetic translocation between chromosomes 9 and 22, the new chromosome called Philadelphia chromosome (Ph); its karyotype t(9;22). The translocation results in an abnormal fusion called BCR-ABL oncogene, which encodes a chimeric BCR-ABL protein that has constitutively activated ABL tyrosine kinase activity; this protein is the underlying cause of CML \[[@B5]\]. BCR-ABL protein activates a cascade of proteins that control the cell cycle, speeding up cell division and inhibiting cell apoptosis. Moreover, the BCR-ABL protein inhibits DNA repair, causing genomic instability and making the cell more susceptible to developing further genetic abnormalities \[[@B6]\]. The identification of this protein has made it an ideal target for therapeutic intervention \[[@B7]\]. Most patients (60%) are diagnosed in the initial chronic phase (CP) of the disease, in which patients experience night sweats, general malaise, diminished appetite, fatigue, and breathlessness. The remaining 40% of patients are asymptomatic and identified by a routine blood test \[[@B8]\]. Imatinib is a tyrosine kinase inhibitor (TKI), which is the approved treatment for CML in the pediatric age, but we used nilotinib, the second-generation TKI, as off-label drug use (OLDU), based on evidence that it is more effective than imitinib. OLDU refers to drug use for unlicensed indications that are beyond the specifications authorized for marketing, whether in terms of doses, preparation, patient population, or route of administration \[[@B9]\].

Case Study {#sec1_2}
==========

A 16-year-old Kuwaiti female presented to the emergency clinic with a common cold. Her weight was 86 kg. The routine investigations showed high white blood cell (WBC) count, mainly neutrophils. She was treated with paracetamol 1,000 mg three times daily to follow up with her general practitioner, but she did not attend any follow-up. After 1 year she presented again to the emergency clinic with a common cold. A complete blood count (CBC) showed a much higher WBC count with a very high neutrophil count: WBC 88.6 (4--10 × 10^9^/l), red blood cells (RBC) 6.00 (3.8--4.8 × 10^12^/l), hemoglobin (Hb) 114 g/l (120--150), hematocrit 0.372 L/L (0.36--0.46), mean corpuscular volume 62 fl (83--101), mean corpuscular hemoglobin 19 pg (27--32), mean cell hemoglobin concentration 305 g/l (315--345), red cell distribution width (RDW) 19.3 (11.6--14%), platelet count 187 (150--410 × 10^9^/l), mean platelet volume 10.2 fl (7--11), neutrophils 89.8 (40--80%), lymphocytes 6.8 (20--40%), monocytes 3.2 (2--10%), eosinophils 0.2 (1--6%), and basophils 0.0 (\<1--2%). The glucose, the serum ferritin and the coagulation profile were normal through the course of her treatment. High-performance liquid chromatography result was Hb A: 96.67 (96--98%), Hb F: \<1% (\<1%), and Hb A2: 2.45 (1.5--3.5%), which showed a normal pattern. However, based on her normal serum ferritin and hypochromic microcytic picture, she was most likely to have an alpha thalassemia trait, but no globin gene analysis was done. The abdominal ultrasound study was normal. Bone marrow aspiration confirmed a diagnosis of CML by cytogenetic, fluorescence in situ hybridization (FISH), and real-time quantitative polymerase chain reaction (RT-Q-PCR) methods. Nilotinib treatment was started at a dose of 150 mg with 2 tablets twice daily. After 1 month, only the nilotinib dose of 200 mg was available, so she switched to a dose of 400 mg in the morning and 200 mg at night time. She showed liver enzyme derangements after 1 month on nilotinib. The dose was reduced to 200 mg twice daily until the liver enzyme improved. After 1 month, she switched again to 400 mg in the morning time and 200 mg at night time. The CBC and the biochemistry profile for the course of her treatment shown in table [1](#T1){ref-type="table"}. After 30 days, she showed a reduction from 30 to 8.3% on RT-Q-PCR. After 90 days she achieved major molecular remission (table [2](#T2){ref-type="table"}).

Discussion {#sec1_3}
==========

Children and young adults are only a small percentage of patients diagnosed with CML, which represents about 3% of newly diagnosed childhood leukemias. CML has the same disease course in children as it does in adults. The features of the disease at diagnosis and the response to therapy in children seem to be identical to that in adults. Specific guidelines for CML treatment in children have yet to be determined \[[@B10]\].

Diagnosis of CML is carried out by several procedures as conventional cytogenetic testing after culturing the bone marrow sample to detect the Ph chromosome which is caused by translocation between chromosomes 9 and 22. FISH is another way to look at chromosomes. FISH can be used to look for the specific pieces of the BCR-ABL gene and it can be used on regular blood or bone marrow samples without culturing the cells first \[[@B11]\]. PCR method is a super-sensitive test that can be used to look for the BCR-ABL oncogene in leukemia cells. It can be done on peripheral blood or bone marrow samples and it can detect very small amounts of BCR-ABL, even when the Ph could not be detected in bone marrow cells with cytogenetic testing \[[@B12]\]. The monitoring of BCR-ABL transcript levels by RT-Q-PCR has become important to assess minimal residual disease and standard of care in the treatment of CML. Three-month monitoring using Q-PCR may provide the prognostic data needed for a treatment decision \[[@B13]\].

Historically, CML was treated with conventional busulfan or hydroxyurea and associated with a poor prognosis. The development of imatinib TKI targeted against the causative BCR-ABL oncoprotein has resulted in hematologic and cytogenetic remissions in all CML phases. A significant number of patients are resistant to imatinib or develop resistance during treatment. This is often a result of mutated forms of the BCR-ABL oncoprotein to which imatinib is unable to bind. Several strategies have been developed to overcome the problem of imatinib resistance, including high-dose imatinib \[[@B14]\].

Nilotinib is an orally highly selective TKI, which is structurally similar to imatinib but much more potent in inhibiting BCR-ABL due to its much increased affinity for its binding site creating greater specificity. It is effective against wild-type and many imatinib-resistant BCR-ABL1 mutations. Trials showed that Nilotinib is superior to imatinib in terms of cytogenetic and molecular remission and rates of disease progression in newly diagnosed patients. It has therefore been approved as first-line therapy for adult patients with CML in the CP by the Food and Drug Administration \[[@B15]\]. The most common side effects with nilotinib are thrombopenia, neutropenia, anemia, headache, nausea, constipation, diarrhea, rash, pruritus, fatigue and higher rates of dermatologic toxicity and biochemical abnormalities associated with hepatic and pancreatic toxicity compared with imatinib, but lower rates of edema, gastrointestinal symptoms, muscle spasm, and neutropenia \[[@B16]\].

Complete cytogenetic remission criteria included morphologically normal bone marrow with complete disappearance of Ph positive in at least 20 metaphases examined. Cytogenetic relapse was defined by the detection of one or more Ph positive marrow metaphases and confirmed by a subsequent cytogenetic study. Complete cytogenetic remission was considered durable if it lasted for at least 6 months \[[@B17]\].

Complete molecular remission was achieved if the BCR-ABL/BCR ratios showed a reduction to 0.1% (≤3 log) from a standardized baseline according to the international scale and if this was confirmed in two subsequent samples \[[@B18]\].

Drugs in OLDU for children can be prescribed in a different dose, for a different indication, or by a different route of administration than what the drug is licensed for \[[@B19]\]. In the United States, OLDU implies the prescription of a drug that is not specified in the labeling approved by the US Food and Drug Administration \[[@B20]\]. As such, the term 'off-label' does not imply an improper, illegal, contraindicated, or investigational use. Therapeutic decision-making must always rely on the best available evidence and the importance of the benefit for the individual patient \[[@B21]\].

Conclusion {#sec1_4}
==========

We have to be careful because according to the pharmacokinetic response to drugs, children cannot be considered small adults irrespective of their weight. OLDU based on evidence as the best treatment available is an important tool in the hand of the expert physician. Nilotinib showed both complete cytogenetic and major molecular remissions in our patient with only transient adverse effects. More research trails should be encouraged to approve its use in pediatric age.
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###### 

Blood tests for CBC and liver function tests during nilotinib treatment

  Investigation intervals   WBC    RBC    Hb    MCV   MCH   Plate   Net    Lymp   Mom   ALT   AST   GGT
  ------------------------- ------ ------ ----- ----- ----- ------- ------ ------ ----- ----- ----- -----
  One year before           38.8   5.82   113   62    19    293     83.5   11.8   4.0   NA    NA    NA
  On presentation           88.6   6.00   114   62    19    187     89.8   06.8   3.2   26    25    NA
  Day 30                    09.7   4.6    088   63    19    195     77     19     2     86    65    134
  Day 90                    11.7   4.7    104   58    18    173     35     58.1   6.4   42    31    046
  Day 210                   15.4   5.5    101   58    18    180     72     20.9   4.6   22    21    042
  Day 300                   17.6   6.05   107   60    18    297     58     24     7     19    18    036
  Day 390                   17.5   6.28   108   57    17    204     72     19.2   7.0   21    20    027

MCV = Mean corpuscular volume; MCH = mean corpuscular Hb; Plate = platelet; Net = neutrophils; Lymp = lymphocytes; Mon = monocytes; ALT = alanine transaminase; AST = aspartate transaminase; GGT = gamma glutamyl transferase.

###### 

Nilotinib effect on cytogenetic and molecular levels

  Treatment intervals    Sample   Cytogenetic karyotype (morphological)   FISH LSI BCR/ABL   Molecular RT-Q-PCR BCR-ABL/BCR   Remission status
  ---------------------- -------- --------------------------------------- ------------------ -------------------------------- ------------------
  On presentation        BM       46,xx,t(9:22)                           90%                30%                              No CCYR or MMR
  Day 30 on nilotinib    PB       ND                                      ND                 8.6%                             No MMR
  Day 90 on nilotinib    PB       ND                                      ND                 0.032%                           MMR
  Day 210 on nilotinib   PB       ND                                      ND                 0.0056%                          MMR
  Day 300 on nilotinib   PB       ND                                      ND                 0.0092%                          MMR
  Day 390 on nilotinib   PB       ND                                      ND                 0.0072%                          MMR

LSI = Locus-specific identifier; CCyR = complete cytogenetic remission; MMR = complete molecular remission; ND = not done; BM = bone marrow; PB = peripheral blood.
